ABSTRACT An explanation is proposed for the observed and often discussed clustering of long-period comet aphelia on the sky. Poisson and several multinomial distributions are applied to the most conspicuous cluster, considering only the 80 "new" and 59 "intermediate" comets with the-best-determined orbits. The observed number of aphelion points in adjacent areas in two tests with 24 and 36 equal sky areas, respectively, shows a large deviation from a random distribution. The expected probability frequency for this to happen by chance is <0.1% for the "new" comets alone; it is -further reduced when "new" and "intermediate" comets are combined. When these comets are analyzed separately from others, it is found that the clustering is the result of perturbations of their original orbits by the passage of a star, or a stellar system, through Oort's cloud a few million years ago. Because the statisticalteffect on the change of a comet's angular momentum about the sun is proportional to the square of the ratio of the mass to the velocity of a star relative to the sun, it is a priori probable that passages by a few stars should produce clustering of the aphelia, as is discussed in detail.
fined by the value of the semimajor axis of the "original" orbit (8) -are analyzed separately (9) from the more typical long-period comets. A considerable fraction of "new" comets is then the result of orbit perturbations by one or two nearby stars, with above-average mass, passing through Oort's cloud. Inclusion of so-called "intermediate" comets [those between the "new" and the "old" groups (9) ] further strengthens this argument. The often discussed tendency of comet aphelia to prefer the sky region in the antapex hemisphere of the sun's motion can be explained as the tracks of stars passing through Oort's cloud.
The 80 "new" and 59 "intermediate" comets discussed here are taken from Marsden et al. (9) and are shown in Fig. 1 . It is seen that 17 of the "new" comets, or 1/5, form a group between galactic coordinates 1800 s L --2480, -2°< B < +380; this corresponds to -41T/17 steradians on the celestial sphere. From the multinomial probabilitv for this to happen by chance (assuming the sky is divided into 17 equal areas, one containing 17 points) the expected frequency is 17 . (8) 1 1 = 17.10-5569 = 10-4339. [1] Including the 10 "intermediate" comets that lie in the same sky area, but not using the inherent additional information that distinguishes the two groups, the expected frequency is 17-(139) 1619 = 17.10-7520= 10-6290.
[2]
The result for the "new" comets alone is open to the objection that the delineation of the area is made a posteriori. A division of the sky into 24 (and, as a check, 36) equal areas was made to discuss the observed clustering in detail. Fig. 1 shows also several smaller groups for which the reality of clustering cannot be demonstrated as effectively, except for one group that contains additional statistical evidence.
Distribution of comets in the Oort cloud
Some of the physical reasons for the distribution of comets in Oort's cloud (8, 10) were discussed by Biermann (11, 12) . He showed, if attention is focused on the data for the best determined orbits, that "new" comets come preferentially from a rather narrow outer region of Oort's cloud, with aphelion distances Q between about 47,500 and 56,000 astronomical units (AU; 1 AU = 1.5 x 1011 m) (here slightly revised downward). The sparsity of genuinely smaller values for the reciprocal semimajor axis of original orbits (1/a)orig (=2/Q) finds a natural interpretation if the outer radius of Oort's cloud R 56,000 AU, similar to the value proposed by Marsden and Sekanina (13) .
The pronounced decrease of the observed number of comets with (1/a)orig > 42 x 10-6 AU-1, or aoig ' 24 ,000 AU, is best explained by assuming that statistically the perturbing action of stars passing through (or interstellar clouds passing near) Oort's cloud is only strong enough at solar distances of -50,000 AU to keep the inner parts of the loss cylinders in velocity space approximately filled (8) . From the inner regions of Oort's cloud, only those comets near the trajectory of a star that passed through the cloud a few million years ago can be expected to become observable; a loss of orbital angular momentum puts them into small-q orbits. This was already known to Oort (8) , who found that, with the value of R = 200,000 AU assumed at that time, the passage of a star through the innermost regions (i.e., r < 50,000 AU = R/4) was unlikely to make a detectable contribution to the number of comets approaching the sun to within a perihelion distance q 1.5 AU.
The density distribution function for comets in Oort's cloud must be of a form such that in steady state it depends only on energy and angular momentum and satisfies Liouville's theorem (14, 15 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. compared to the orbital periods. It may well be that the inner part contains more comets than can be expected on the basis of Oort's model. This could be simulated by superposing on the Oort cloud a second Oort cloud with smaller radius R2 and with its own density in phase space, such that a higher total density would result inside of R2. The model followed here uses effectively only the volume outside the radius =40,000 AU (11, 12) with the phase space density unmodified in the inner region. As shown in Appendix A, 1.9 X 105 "new" comets with q < 1.5 AU moved inward at the time the loss cylinders were refilled by a passing star; an equal number moved outward. From the extremes of comet arrival times in the inner solar system, 1 .0 Myr forthose moving inward and '3.7 Myr for those that move outward at the time of the star's passage, the time span is 2.7 Myr. The number of "new" comets with q < 1.5 AU is thus 14 (8) . Combining "new" and "intermediate" comets gives a very similar result without significantly improving the accuracy. We conclude that our model (16 per century) is in good agreement with observations.
Concerning the probability for the clustering to occur because of stellar perturbations, we note that in the sun's vicinity, there are 0.02 stars per cubic parsec (pC-3) (1 pC = 3.1 X 1016 m) with a mass larger than -0. 7 ME) (17) out of a total of -0. 13 systems pC 3 (17, 18) . This includes all ordinary single stars; duplicity raises this to 0.03 stars pc3. Visible and extinct degenerate stars should also be in the range considered; their average mass is -0.6 M® (19) , but binaries should range up to -1 ME,; the most probable value of their total density is -0.03 pc3, but there is not complete agreement on this (19, 20 [5] which is a factor of ' [7] The same field that contains 12 "new" comets in Fig. 2 We find that r*, = 41,500 AU is an adequate value; then the effective length of the star's trajectory is 2r*0 tan /3 = 56,000 AU and the solar distance from the end points is r*0 sec /3 = 50,000 AU which t is in yr and r, a, and Q are in AU. This is obtained from integration of V2/2 = GM0D(r-' -Q-'). Comets with Q 56,000 AU, moving inward at the time of the star's passage, are among the first to arrive, their half period (2.34 Myr) minus the time they needed to reach the distance r 41,500 AU is, from the above formula, --1.0 Myr. The last to arrive, with initial inward motion, come from Q = 50,000 AU; they need -2.0 Myr (half period). The last to arrive are comets with r 41,500 AU (or r 43,400 AU), which moved outward at the time of the star's passage to Q 5 56,000 AU; for these the time to aphelion has to be added to their half period (2.34 Myr), or the time from the above formula must be subtracted from the full periodthis results in -3.7-3.6 Myr.
